By means of a graphical method the average excitation potential I may be derived from experimental data. Average values for lal r and I m have been obtained. It is shown that in representing range/energy relations by means of Bethe's well known formula, I has to be taken as a continuously changing function of the energy of the incident particle. § 1. Introduction. In theoretical considerations on the subject of range/energy relations the average excitation potential I ranks as an important qu. antity. Unfortunately its calculation is difficult and the results obtained by a number of authors both theoretically and experimentally, are not very consistent. In addition to a critical reexamination of the previous evaluations of I,i, and Im in this article the authors have recalculated these quantities using a new graphical method. § 2. Theoretical considerations. Many authors have tried to give theoretical expressions for the relation between the range and the energy of charged particles. For computing range/energy relations usually Bethe's theory 1) 2) is used. Bethe's expression for the mean energy loss is:
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Here m is the mass of an electron, p is the velocity and ze is the charge of the incident particle, n is the number of atoms per cubic centimeter of the material, Ze is the nuclear charge and I the average excitation potential of the atom. Cr is a correction which deals with the inefficiency in stopping of the K electrons at low energies of the incident particles; ~] is the square of the ratio of the velocity of the incident particle to the velocity of a K electron. The quantity
is usually called the stopping number. The function CK(r/) has been derived from theory by L i v i n gs t o n and B e t h e *) and represented graphically. A new evaluation of CK07) made. by W a 1 s k e which differs appreciably from Livingston's and Bethe's results, was recently published by BrownS).
Several authors 4) 5) investigated the stopping of charged particles 0 in different materials and deduced values for the stopping power of those materials relative to that of air. According to L i v i ngs t o n and B e t h e *) this quantity S is definedby:
Now, if a value for Iai , e.g. I~i , = 80.5 eV *), be assumed, it will be possible to find the average excitation potential of the material considered.
In this way M a n o 4), taking I~i , ----87 eV, found that at least in the energy range from 0 to 8.8 MeV for a-particles --corresponding to proton energies from 0 to 2.2 MeV --I could be represented as a linear function of the atomic number Z. His graph of I vs. Z shows that:
I----11.6Z eV for Z<26 I= 9.1Zq-65 eV for Z~26. W i 1 s o n 5) in a series of measurements determined I for aluminium in the range of proton energies from 0 up to 4 MeV (cfr. section 5). He reports the relation: I = 11.54 Z eV for aluminium (Z = 13), which is in excellent agreement with Mano's observations. Recent experiments by B a k k e r and S e g r 6 6), using Wilsons experimental value _rAt = 150 eV as a reference value, show that at least for high energies (Ep,oto,, ~ 300 NIeV) the following relation is valid:
I=9.2Z eV for any value of Z.
Apart from" these empirical evaluations of average excitation potentials on the basis of Bethe's theory for stopping phenomena, B 1 o c h 7) derived a theoretical expression for I on the basis of his stopping formula which, as has been shown by B e t h e 2), in the energy region where both formulae are valid is essentially the same as Bethe's expression. Bloch's relation between 2" and Z is: I= 12.85Z eV for any value of Z. § 3. Wilson's experiments. Wilson observed the passage of a beam of protons up to 4 MeV through aluminium foils of thicknesses ranging from 2.68 to 26.9 mg/cm 2 and determined the transmission current by means of a Faraday cage. He reports the stopping power S of aluminium relative to air to be a constant and therefrom derives an average excitation potential for aluminium. Wilson points out that according to formulae (3), (2) and (1):
For equivalent stopping, i.e. stopping over the same energy interval, the right hand side of (4) may be written as:
Taking for the "atomic weight" of air twice its "atomic number", i.e. 14.44, Wilson found S to be 1.19 for the whole energy range investigated. He thus derived the value I,, = 150 eV from (4) and (5), using I~i , = 80.5 eV and the function CK as given by L ivingston and Bethel). We want to point out that Wilson's procedure is not without objection:
a. The correct "atomic weight" of air is 14.67, i.e. Up till now the average excitation potential of air was assumed to be 80.5 eV as has been evaluated by B e t h e by adapting his theoretical range/energy curve to two experimentally determined values. As will be shown in section 4, the best actual value for I,~ r is 77.5 eV.
e. W i 1 s o n assumed that the range/energy relation in air could be described by using a constant value for I,~,. In the next section we will show that in fact Bethe's formula can not describe the experi- for a-particles in air has been constructed by adapting the theoretical range/energy curve to two experimentally determined values. These two values were determined for the a-particles of polonium and the long range a-particles of Th C'. However the curve thus obtained had to be corrected empirically both in the region of the lower energies (1--4 MeV) and in the neighbourhood of E = 10 MeV. These empirical corrections may be interpreted as substituting for a
constant value of I,i, a continuously changing function Iai,(E ).
To show the importance of this fact we made an /-analysis of Bethe's 2) old range/energy relation for air using the old values of CK and the following constants as they were available at that time 9) : The result of this/-analysis is plotted in fig. 1 . It is evident that in the interval between 5 and 12 MeV the straight line I,i, -----80.5 eV can fairly well represent an average of I,~,, but that outside this region considerable deviations exist. The experimental range/energy curve has been changed since then as a result of ionisation measurements by J e s s e and S a d a u sk i s 10). B e t h e 11) thereupon recently published a revised range• energy curve in which new purely empirical corrections have been applied. This curve differs appreciably from the old one especially for energies up to 5 MeV for a-particles. We also made an/-analysis of this new curve, using Walske's CK and the following more recent values of fundamental constants 12) : in MeV. From this curve the rate of energy loss for protons in aluminium was obtained which we converted into the rate of energy loss for a-particles. For protons the energy loss per g/cm 2 is just onequarter of that of an a-particle of the same velocity (i.e. of 3.973 times the proton energy) since the energy loss is proportional to the square of the charge. This is true except in the region of very low energies where the capture and loss of electrons by the particles becomes important. We then made an/-analysis using the modern data available. One may note the somewhat surprising consistency of Wilson value IA~ = 150 eV with this result in the region considerec However it is hardly possible to predict correct values of IAb in t~ high energy region. Further experimental work will have to be dot on this subject to obtain more accurate information.
